Previous studies have demonstrated that the presence of larvae of other filarial species in Simulium damnosum sensu lato can distort estimates of transmission potential for Onchocerca volvulus in West Africa. However, studies conducted in foci of onchocerciasis in West Central Uganda indicated that larvae other than O. volvulus were not common in vectors collected there. Recent data collected in Northern Uganda revealed a striking discordance between estimates of the prevalence of flies carrying O. volvulus infective larvae obtained from molecular pool screening and dissection methods. To resolve this discrepancy, sequences from three mitochondrially encoded genes were analyzed from the larvae collected by dissection. All larvae analyzed were Onchocerca ochengi v. Siisa, a parasite of cattle, or Onchocerca ramachandrini, a parasite of warthogs. These results suggest that nonhuman parasite larvae are common in vectors in Northern Uganda, underscoring the necessity for molecular identification methods to accurately estimate O. volvulus transmission.
Previous studies have demonstrated that the presence of larvae of other filarial species in Simulium damnosum sensu lato can distort estimates of transmission potential for Onchocerca volvulus in West Africa. However, studies conducted in foci of onchocerciasis in West Central Uganda indicated that larvae other than O. volvulus were not common in vectors collected there. Recent data collected in Northern Uganda revealed a striking discordance between estimates of the prevalence of flies carrying O. volvulus infective larvae obtained from molecular pool screening and dissection methods. To resolve this discrepancy, sequences from three mitochondrially encoded genes were analyzed from the larvae collected by dissection. All larvae analyzed were Onchocerca ochengi v. Siisa, a parasite of cattle, or Onchocerca ramachandrini, a parasite of warthogs. These results suggest that nonhuman parasite larvae are common in vectors in Northern Uganda, underscoring the necessity for molecular identification methods to accurately estimate O. volvulus transmission.
In 2007, Uganda announced a program to eliminate onchocerciasis in all 17 foci in the country, 1 becoming the first country in Africa to make complete elimination of onchocerciasis a goal. The strategic plan of the Uganda Onchocerciasis Elimination Program was based on twice per year mass drug administration of Mectizan (ivermectin) to the afflicted communities supplemented with localized vector control measures where appropriate. In 2008, the Uganda Ministry of Health established an advisory committee, known as the Uganda Onchocerciasis Elimination Expert Advisory Committee (UOEEAC) to provide technical guidance to the elimination program. One of the first actions of the UOEEAC was to consult with the Ugandan Ministry of Health to develop a set of guidelines for the program to use for verifying the suppression and eventual elimination of transmission of Onchocerca volvulus.
2 These guidelines were based on the guidelines for the elimination of onchocerciasis published by the World Health Organization in 2001 3 and updated in 2016. 4 The guidelines rely on a combination of serological indicators of transmission (development of antibodies against the parasite specific antigen Ov16 in children) and entomological indicators (presence of infective stage larvae in the black fly vectors of the parasite) to confirm suppression of transmission.
Detection of infective larvae in the vector black flies has advantages when used to monitor transmission of O. volvulus. Most importantly, it provides the most timely and accurate measure of transmission. Traditionally, detection of infective larvae in vectors has been accomplished through dissection of vector black flies. However, there are some disadvantages associated with the method. First, in the face of an effective control or elimination program, flies carrying infective larvae become increasingly rare. This means that large numbers of flies need to be examined to detect the rare infectious fly, which is laborious and expensive. Second, in West Africa, it has long been known that Simulium damnosum s.l., the most important vector throughout Africa also serves as the vector for a number of Onchocerca species associated with domestic or wild ungulate hosts (e.g., bovids, suids). These larvae are difficult or impossible to distinguish from O. volvulus morphologically, confounding accurate measurement of the prevalence of flies carrying infective larvae of the human parasite. Molecular methods involving polymerase chain reaction (PCR) amplification of O. volvulus specific DNA sequences in DNA prepared from pools of flies or from individual larvae have been developed to overcome these difficulties. 5, 6 When molecular identifications were performed on infective larvae identified by dissection in West Africa, it was found that about half of the larvae provisionally identified as O. volvulus by field dissection teams were ungulate-associated Onchocerca.
5 By contrast, one report applying molecular identification methods to larvae collected from Kabarole and Kasese districts in West Central Uganda suggested that all were O. volvulus, suggesting that ungulate-associated Onchocerca might pose less of a problem in East Africa. Onchocerciasis elimination efforts in Northern Uganda were hindered by political unrest in the area for several years. However, after the restoration of peace to this area, elimination efforts accelerated in 2012. These efforts included both serosurveys of children to measure exposure to the parasite, as well as entomological surveys, in which a portion of the flies collected were screened in pools using molecular methods, whereas a portion were screened using traditional dissection. In 2015, significantly larger numbers of flies carrying infective larvae were detected by the field dissection teams than were found by PCR pool screening. To further investigate the reason for this discrepancy, the larvae collected by the dissection teams were subjected to a detailed molecular analysis.
Simulium damnsosum females were collected using standard methods 8 from several sites in the Madi-Mid North onchocerciasis focus of Northern Uganda (Figure 1 ). Flies were collected from the districts of Nwoya, Amuru (Elegu), Moyo, and Pamulu as part of routine surveillance activities conducted by the Uganda Onchocerciasis Elimination Program of the Uganda Ministry of Health. A total of 468 S. damnosum s.l. were collected over the course of the study. Of these, 286 were tested for the presence of O. volvulus L3 by pool screen PCR, whereas 182 were dissected by the field teams. The prevalence of flies carrying L3 as estimated by pool screen PCR was substantially lower than the number of flies found to be carrying L3 larvae by dissection (Table 1) . This suggested that, unlike what was reported for foci in the west central part of Uganda, S. damnosum s.l. from the Madi-Mid North focus were likely to be carrying L3 that were misidentified as O. volvulus by the field teams. To test this hypothesis, 14 of the individual larvae detected by dissection were preserved and subjected to molecular species identification, using three different mitochondrially encoded genes. To accomplish this, genomic DNA was purified from the alcohol preserved larvae the Qiagen DNeasy kit as per the manufacturer's instructions. PCR amplification of three mitochondrial gene fragments was performed following previously described protocols: 12S rRNA gene (forward primer -12SOvC: TCGGCTATGCGTTTAATTTT; reverse primer-12SOvB: CAACTTACGCCCCTTAGGC), NADH dehydrogenase subunit 5 (ND5) (forward primer -ND5OvA: TTGGTTGCCTAAGGCTATGG; reverse primer -ND5OvC: CCCCTAGTAAACAACAAACCACA), 9 and the cytochrome c oxidase subunit 1 (COI) (forward primer-COIF: TGATTGGTGGTTTTGGTAA; reverse primer-COIR: ATAAGTACGAGTATCAATATC).
10 PCR products for each of the three gene fragments were purified and sequenced using their respective primers using BigDye Terminator Cycle Sequencing (Applied Biosystems). Forward and reverse sequences were aligned and edited manually using FinchTV and MEGA version 7.
11 Phylogenetic analyses were performed separately for each mitochondrial gene fragment (12S: 399-403 bp; ND5: 426-434 bp; COI: 591 bp) using the Maximum Parsimony (2,000 bootstrap replicates) method with the aim of identifying the Onchocerca species of each isolate (MEGA 7). Sequences of selected Onchocerca species available in GenBank were included in the analyses for comparison, and the canine onchocercids Dirofilaria immitis and Dirofilaria repens, as outgroups.
We obtained a total of 14, 11, and 13 sequences of the 12S, ND5, and COI regions, respectively. The results of the phylogenetic analysis of these sequences are presented in Figure  1 . No O. volvulus larvae were found in the S. damnosum females. Onchocerca larvae were identified as O. ochengi "Siisa" form (N = 13) and a single Onchocerca ramanchandrini (N = 1, based on 12S and ND5 only), parasites of cattle and warthog, respectively (Figure 1 , Panels A-C). Onchocerca ochengi is a common parasite of cattle throughout sub-Saharan Africa, and it is phylogenetically closely related to O. volvulus.
12 Onchocerca ramachandrini is also a native African species infecting the common warthog (Phacochoerus africanus), a wild suid with a wide geographic range across sub-Saharan Africa. 13 These results suggest that infection of S. damnosum s.l. with animal Onchocerca spp. is quite common in Northern Uganda, unlike what was previously reported in the west-central foci of the country. This difference may be attributable to differences in the ecology and vector populations between the northern and westcentral foci in the country. For example, the vector present in the northern focus is the savanna dwelling sibling species of S. damnosum s.l., Simulium sirbanum, whereas both Simulium neavei and S. damnosum s.l. are present in the west-central foci. 7 The different black fly vector species are known to exhibit different degrees of anthropophilicity.
14 Regardless, these data support the findings of molecular identifications carried out over 20 years ago by the Onchocerciasis Control Program in West Africa 5 and more recent studies performed in Northern Cameroon, 15 which also demonstrated that a large proportion of larvae identified as O. volvulus by field dissection were misidentified, resulting in a dramatic overestimation of the intensity of transmission. These data highlight the necessity of using molecular methods capable of unambiguously identifying O. volvulus larvae, especially in areas where effective control measures are active and the prevalence of O. volvulus in the vector population is likely to be very low. 
